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DV VROLG ZDVWH KD]DUGRXV ZDVWH WDLOLQJV ZDVWH URFNV HWF OHDG WR GLVDVWURXV LVVXHV OLNH ZDVWH
HPEDQNPHQW IDLOXUH VSRQWDQHRXV FRPEXVWLRQ DQG PD\ EH UHVSRQVLEOH WR VRPH H[WHQW IRU FOLPDWH
FKDQJH 6XEVWDQWLDO ODQG GHJUDGDWLRQ DQG GHIRUHVWDWLRQ DOVR FDXVHV ORVV RI R[\JHQ IL[LQJ FDSDFLW\
ZRUVHQ VRLO QXWULHQW DYDLODELOLW\ DGYHUVHO\ DIIHFWZDWHU WDEOH FKDQJHV ODQG XVH SDWWHUQ WRSRJUDSK\
ORVVRI WRSVRLODQGYHJHWDWLRQJURXQGZDWHUFRQWDPLQDWLRQJUHHQKRXVHJDVHPLVVLRQDLUZDWHUDQG
VRLO SROOXWLRQ ELRGLYHUVLW\ ORVV DQG VRFLRHFRQRPLF ORVV ZKLFK LQHYLWDEO\ QHFHVVLWDWHV LPPHQVH
SODQQLQJ DQG FRQWURO WR UHGXFH WKH VWDELOLW\ LVVXHV DQG HQYLURQPHQWDO LPSDFW RI PLQLQJ ,W PD\ EH
UHIHUUHGLQ7DEWKDWLQIRU07DQG07RIFRDODQGLURQSURGXFWLRQWKHDPRXQWVRI
RYHUEXUGHQSURGXFHGZHUH07DQG07$VDUHVXOWDQGKHFWDUHRIODQGZHUH
HVWLPDWHGWREHDIIHFWHGGXHWRFRDODQGLURQPLQLQJ
7DEOH0LQHUDO3URGXFWLRQZDVWHJHQHUDWLRQDQGODQGDIIHFWHGLQ
2QHRIWKHPDMRUFRQFHUQVLQXVLQJFRDOPLQHZDVWHLQHQJLQHHUHGVWXIILVWKHSURGXFWLRQRIDFLGLF
DQGRWKHUKDUPIXOOHDFKDWHV/HDFKLQJLVDPHWKRGE\ZKLFKVROXEOHLQJUHGLHQWVDUHGLVVROYHGIURPD
VROLGPDWHULDOVXFKDVURFNVRLORUZDVWHLQWRDIOXLGWKURXJKSHUFRODWLRQRUGLIIXVLRQ&RQVHTXHQWO\
ILOO PDWHULDOVZKLOH FRPH LQ FRQWDFW ZLWK OLTXLG YL] SHUFRODWLQJ UDLQZDWHU VXUIDFHZDWHU JURXQG
ZDWHUDQGOLTXLGVSUHVHQWLQWKHILOOPDWHULDOFRQVWLWXHQWVLQWKHVROLGSKDVHZLOOGLVVROYHLQWRWKHOLTXLG
UHVXOWLQJLQOHDFKDWHIRUPDWLRQ
5HDOL]LQJWKHHFRQRPLFDQGHQYLURQPHQWDOFRQVHTXHQFHVHIIRUWVKDYHEHHQPDGHWRLQYHVWLJDWHWKH
JHRWHFKQLFDO SURSHUWLHV RI WKH FRDO DQG LURQPLQH UHIXVHV IRU EDFNILOOLQJ LQ RSHQFDVWPLQHV %HIRUH
EDFNILOOLQJ LV FDUULHG RXW LQ DQ\ PLQH WKH JHRWHFKQLFDO SURSHUWLHV DQG OHDFKDWH DQDO\VLV RI WKH ILOO
PDWHULDOPXVWEHGHWHUPLQHGWRDVFHUWDLQLWVVXLWDELOLW\WREHXVHGDVVWRZLQJPDWHULDO
6LJQLILFDQFHRIWKHJHRWHFKQLFDOSURSHUWLHV
:KHQVHOHFWLQJDSDUWLFXODUVWRZLQJPDWHULDOIRUWKHEDFNILOOLQJRQHPXVWH[DPLQHWKHPDWHULDO¶V
VKRUWDQGORQJWHUPJHRWHFKQLFDOSURSHUWLHVDQGH[SHFWHGSHUIRUPDQFHIROORZLQJWKHSODFHPHQW7KLV
ZLOODOORZDQDVVHVVPHQWRIWKHILOO¶VDELOLW\WRDFWDVDJURXQGVXSSRUWPDWHULDO$QDQDO\VLVRIWKHVH
SURSHUWLHVZLOOKHOSWRGHFLGHZKHWKHUWKHGHVLJQREMHFWLYHVRIWKHILOOZLOOEHPHW7KHVLJQLILFDQFHRI
WKHLPSRUWDQWJHRWHFKQLFDOSURSHUWLHVKDYHEHHQRXWOLQHGEHORZ
6ODNH'XUDELOLW\7RH[DPLQH WKH VXVFHSWLELOLW\RI2YHUEXUGHQ 2%VDPSOH WRGLVLQWHJUDWHZKHQ
H[SRVHWRZHWWLQJDQGGU\LQJF\FOHVDORQJZLWKPRYHPHQW
6WDQGDUG3URFWRU&RPSDFWLRQ7RPHDVXUHWKHPD[LPXPGU\GHQVLW\DQGRSWLPXPPRLVWXUHFRQWHQW
RIWKHVDPSOH
3HUPHDELOLW\)RUDVVHVVLQJDELOLW\RIWKHLQVLWXILOOWRGLVVLSDWHSRUHSUHVVXUHDQGFDQPHDVXUHWKH
DELOLW\RISRURXVPDWHULDORIWHQDURFNRUXQFRQVROLGDWHGPDWHULDOWRWUDQVPLWIOXLGV
$WWHUEHUJ/LPLW)RUDVVHVVLQJOLTXLGOLPLWSODVWLFOLPLWDQGSODVWLFLW\LQGH[
'LUHFW6KHDU8VHGWRGHWHUPLQHFRKHVLRQDQGDQJOHRIIULFWLRQRIWKHZDVWHPDWHULDO
6SHFLILF*UDYLW\5HODWLYHGHQVLW\RUVSHFLILFJUDYLW\LVWKHUDWLRRIWKHGHQVLW\RIDVXEVWDQFHWRWKH
GHQVLW\RIDJLYHQ UHIHUHQFHPDWHULDO ,W LVQHHGHG LQGHWHUPLQDWLRQRI VRLOSURSHUWLHV OLNHYRLG UDWLR
GHJUHHRIVDWXUDWLRQDQGDOVRZHLJKWYROXPHUHODWLRQVKLSHWF
9RLGUDWLR9RLGUDWLRFKDUDFWHUL]HVWKHFRPSDFWQHVVRIVRLOV,WLVGHILQHGDVDYROXPHWULFUDWLRRI
WKHYROXPHRIYRLGVSDFHIOXLGVDQGDLUWRJHWKHUDQGWKHYROXPHRIVROLGV
3RURVLW\3RURVLW\LVDPHDVXUHRIWKHYRLGVSDFHVLQDPDWHULDODQGLVGHILQHGDVDIUDFWLRQRIWKH
YROXPHRIYRLGVRYHUWKHWRWDOYROXPH
*UDLQVL]H$QDO\VLV,WLVFDUULHGRXWWRFRQFHSWXDOL]HWKH3DUWLFOHVL]HGLVWULEXWLRQ
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3.1. Study area 



D E
F
G
H I
J
315 B. Sahoo and H.B. Sahu /  Procedia Earth and Planetary Science  11 ( 2015 )  312 – 318 


)LJD0DSRI,QGLDDQG2GLVKDE0DSRI6XQGHUJDUKGLVWULFW&	'6DPSOLQJORFDWLRQVRI,URQPLQH2%
H0DSRI-KDUVXJXGDGLVWULFWI*RRJOHHDUWKPDSRI,%9DOOH\&RDOILHOGJ6DPSOLQJORFDWLRQRI&RDOPLQH
K6DPSOLQJORFDWLRQRI&RDOPLQH
,QWKHSUHVHQWZRUNVDPSOHVKDYHEHHQFROOHFWHGIURP,%9DOOH\&RDOILHOGV0&/DQG.RLUD,URQ
DQG0DQJDQHVHPLQHV7HQVD,%9DOOH\&RDOILHOGOLHVEHWZHHQ1RUWKODW¶DQG¶DQG(DVW
ORQJ¶DQG¶LQ-KDUVXJXGDGLVWULFWDQG.RLUDLVORFDWHGLQ1RUWKODW¶´WR
¶´DQG(DVWORQJ¶´WR¶´LQ6XQGHUJDUKGLVWULFWLQWKHVWDWHRI2GLVKD
3.2. Geology 
,% 9DOOH\ &RDOILHOG LV D SRUWLRQ RI ODUJH V\QFOLQDO *RQGRZQD %DVLQ RI 5DLJDUK+LQJLU DQG
&KKDWWLVJDUK &RDOILHOGV 0DKDQDGL 9DOOH\ 7KH FKLHI FRDO EHDULQJ IRUPDWLRQV DUH %DUDNDU 	
.DUKDUEDUL%DUDNDUIRUPDWLRQKDVDURXQGWZHQW\FDUERQDFHRXVKRUL]RQVZLWKTXDOLW\UDQJLQJIURP(
WR* 7KHVH KRUL]RQV DIWHU EHLQJ FOXEEHG UHFRJQL]HG  LQWR ILYH VHDPV  QDPHO\%HOSDKDU 3DUNKDQL
/DMNXUD 5DPSXU	 ,% 6HDPV 3DUNKDQL VHDP LV PHDJUH LQ TXDOLW\ DQG WKLFNQHVV ,W LV XVXDOO\ QRW
FRQVLGHUHGDVPLQHDEOH%HOSDKDUVHDPVLWXDWHGLQWKHGHHSVLGHRI/DNKDQSXU2&3DQGLQWKLVVHDP
PLQLQJRSHUDWLRQLVQRWH[SHFWHGLQQHDUIXWXUH.DUKDUEDULIRUPDWLRQKROGVRQO\WKLQFRDOEDQGVEHORZ
,%VHDP7KHDYHUDJHVWULSSLQJUDWLRRIODMNXUDDQGVDPDOHVZDULDUHDQGUHVSHFWLYHO\0&/
GDWD2GLVKD.RLUD ,URQRUHEDQGVRFFXU LQ OD\HUHG%,)DORQJZLWKYROFDQRVHGLPHQWDU\ URFNSLOHV
NQRZQDV,URQ2UH6XSHU*URXS
3.3. Sampling 
%XON DPRXQW RI RYHUEXUGHQ VDPSOHZHUH FROOHFWHG XS WR D GHSWKRI P DQGPL[HG WKRURXJKO\
IURPUDQGRPO\VHOHFWHGSRLQWVVLWXDWHGRQWKHVXUIDFHRIWKHZDVWHGXPSVIURPHDFKPLQHVHSDUDWHO\
6DPSOHVZHUHVSUHDGRXWRQFOHDQSODVWLFWDUSVWRGU\DWURRPWHPSHUDWXUH,QRUGHUWRHQVXUH
WKRURXJK GU\LQJ ZDVWHV ZHUH HQWLUHO\ WXUQHG GDLO\ ZLWK D VPDOO SODVWLF VFRRS XQWLO  YLVLEO\  GU\
DSSUR[LPDWHO\WRGD\VVXEMHFWHGWRDPELHQWKXPLGLW\$IWHUGU\LQJHDFKFRPSRVLWHZDV
PL[HGWKRURXJKO\IRUPLQXWHVLQDODUJHVWDLQOHVVVWHHO9%OHQGHUWREUHDNGRZQIULDEOHFORGV
7KH FRPSRVLWH PDWHULDO ZDV WKHQ VLHYHG ZLWK D  PP VFUHHQ ZLWK WKH   PP IUDFWLRQ EHLQJ
UHFRPELQHGDQGFRPSOHWHO\ KRPRJHQL]HGE\PL[LQJ LQ WKH9%OHQGHU IRUPLQXWHV7KH!PP
IUDFWLRQ ZDVFDVWRII 7KHQ FRQLQJ DQG TXDWHULQJ SURFHGXUH ZDV IROORZHG WR REWDLQ D UHSUHVHQWDWLYH
VDPSOH
([SHULPHQWDOLQYHVWLJDWLRQ
7KHJHRWHFKQLFDOSURSHUWLHVRIWKHFRDOPLQHZDVWHVZHUHGHWHUPLQHGXVLQJ,QGLDQVWDQGDUG,6DQG
$PHULFDQ 6RFLHW\ IRU 7HVWLQJ DQG 0DWHULDOV $670 PHWKRGV &RHIILFLHQW RI SHUPHDELOLW\ ZDV
GHWHUPLQHGE\&RQVWDQWKHDGPHWKRG0D[LPXPPRLVWXUHFRQWHQWGU\GHQVLW\EXONGHQVLW\YRLGUDWLR
DQG SRURVLW\ ZHUH FDOFXODWHG E\ 3URFWRU&RPSDFWLRQ WHVW 6SHFLILF JUDYLW\ ZDV GHWHUPLQHG XVLQJ
GHQVLW\ERWWOHPHWKRG6KHDUVWUHQJWKZDVDVVHVVHGE\GLUHFWVKHDU WHVW3DUWLFOHVL]HGLVWULEXWLRQZDV
K
316   B. Sahoo and H.B. Sahu /  Procedia Earth and Planetary Science  11 ( 2015 )  312 – 318 
H[DPLQHGXVLQJ VLHYH DQDO\VLV 6LQJK DQG&KRZGKXU\  6ODNHGXUDELOLW\ LQGH[ZDVPHDVXUHG
XVLQJ6ODNHGXUDELOLW\ DSSDUDWXV DVSHU$670' /LTXLG OLPLW SODVWLF OLPLW DQGSODVWLFLW\
ZHUHVWXGLHGDVSHU$670'
5HVXOWVDQGGLVFXVVLRQ
5.1. Slake Durability index 
&RPSDULQJ WKHYDOXHV RI WKH ILUVW F\FOH DQG VHFRQG F\FOH LQ WKH*DPEOH¶V WDEOH WKH2% VDPSOHV
ZHUHIRXQGWREHPHGLXPKLJKGXUDEOHIRU&RDOPLQHDQGDQGPHGLXPGXUDEOHIRU,URQPLQHDQG
WKDWFRXOGEHGXHWRKLJKHUJUDLQVL]HPLQLPXPFRKHVLYHQHVVEHWZHHQWKHSDUWLFOHVRI2%DQGZDWHU
VROXEOHELQGLQJPDWHULDOVLQ2%ZKLFKJHWVGLVVROYHGHDVLO\7KHVDPSOHVKRXOGDWOHDVWKDYHPHGLXP
GXUDELOLW\ WREHXVHGDV ILOOLQJPDWHULDOV7KH&RDOPLQHV WHVWHG VDPSOHVPHHW WKHFULWHULD:KHUHDV
LURQPLQH2%QHHGWREHPL[HGXSZLWKELQGLQJPDWHULDOVOLNHFHPHQWIO\DVKHWFEHIRUHEHLQJXVHGLQ
EDFNILOOLQJ

5.2. Standard Proctor Compaction 
&RPSDFWLRQRIWKHVRLOFDQOHVVHQYRLGVSDFHWKXVLQFUHDVHVLWVVKHDUVWUHQJWKDQGGHQVLW\DQGFXWV
LWV FRPSUHVVLELOLW\ DQG SHUPHDELOLW\ 7KH FRPSDFWHG GHQVLW\ RI WKH VDPSOH LV SUHWW\ FORVH WR WKH
FRPSDFWHGGHQVLWLHVRIVDQGZKLFKKDVEHHQVXFFHVVIXOO\XVHGDVK\GUDXOLFVWRZLQJPDWHULDOLQ,QGLD
6DQGPDLQO\KDVDFRPSDFWHGGU\GHQVLW\XQLWZHLJKWEHWZHHQWRJFP&RDOPLQHDQGLURQ
PLQH2%DOPRVWVDWLVI\LQJWKHFULWHULDZKLOH&RDOPLQH2%UHTXLUHWREHWUHDWHGWRPHHWWKHSURYHG
VWDQGDUG

7KHUHVXOWVRIWKHLQYHVWLJDWLRQKDYHEHHQSUHVHQWHGLQ7DEOH

7DEOH*HRWHFKQLFDOLQYHVWLJDWLRQRIVWXGLHGVDPSOHV
5.3. Shear strength 
6DQGKDYLQJDELWRUQRILQHVVLOWRUFOD\LVVXSSRVHGWRKDYHJUHDWHUDQJOHRIIULFWLRQ7KHVDQGV
ZLWKOHVVTXDUW]FRQWDLQHGJUHDWHUDPRXQWVRISRWDVVLXPIHOGVSDUSODJLRFODVHFDOFLWHDQGRUGRORPLWH
DQGWKHVHPLQHUDOVJHQHUDOO\KDYHKLJKHUVOLGLQJIULFWLRQDOUHVLVWDQFHFRPSDUHGWRWKDWRITXDUW]5LYHU
VDQGVZLWKDQJOHRIIULFWLRQDURXQGKDYHEHHQZHOOSODFHGLQXVHIRUEDFNILOOLQJLQ,QGLD6RLOVODFN
RIFOD\RUVLOWLVQRWFRKHVLYH*UHDWHULVWKHFRKHVLRQYDOXHPRUHVWDEOHZLOOEHWKHVORSH7KHVWXGLHG
7HVW7\SH 3DUDPHWHU &RDOPLQH &RDOPLQH ,URQPLQH
6ODNH'XUDELOLW\
,G   
,G   
6WDQGDUG3URFWRU
&RPSDFWLRQ
0D[LPXPGU\GHQVLW\ JFP JFP JFP
2SWLPXPPRLVWXUHFRQWHQW   
&RQVWDQW+HDG
3HUPHDELOLW\
 îPVHF îPVHF îPVHF
$WWHUEHUJ/LPLW
/LTXLGOLPLW   
3ODVWLFOLPLW   
3ODVWLFLW\LQGH[   
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NJFP NJFP NJFP
$QJOHRILQWHUQDOIULFWLRQ GHJUHH GHJUHH GHJUHH
6SHFLILF*UDYLW\

  
9RLGUDWLR   
3RURVLW\  V 
*UDLQVL]H
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
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VDPSOHVH[FHSW LURQPLQH2%GRQRWKDYH WKH UHTXLUHGFULWHULRQ$VD UHVXOW WKH\FDQQRWEHXVHGLQ
EDFNILOOLQJ
5.4. Grain size 
0DWHULDOVZLWKFRHIILFLHQWRIXQLIRUPLW\OHVVWKDQLVNQRZQWRKDYHDXQLIRUPGLVWULEXWLRQRIJUDLQ
VL]H SRRUO\ JUDGHG ZKLOHPDWHULDOV KDYLQJ FRHIILFLHQW RI XQLIRUPLW\ JUHDWHU WKDQ  LV REVHUYHG WR
SRVVHVVDZLGHUDQJHRIJUDLQVL]HVZHOOJUDGHG,WPD\EHUHIHUUHGLQWDEOHWKDWDOOWKHVDPSOHVDUH
ZHOODERYH+HQFHHDFKRIWKHPFRXOGEHXVHGLQEDFNILOOLQJ

*UDSK3DUWLFOHVL]HDQDO\VLVRIFRDOPLQHDQGLURQPLQH2%VDPSOH
5.5. Permeability
3HUPHDELOLW\ FDQ LQIOXHQFH WKH UDWH RI VHWWOHPHQW RI D VDWXUDWHG VRLO XQGHU ORDG 7KH VWDELOLW\ RI
VORSHVFDQEHPDVVLYHO\DIIHFWHGE\ WKHSHUPHDELOLW\RI WKHVRLOXVHG WKHUH6WRZLQJPDWHULDO VKRXOG
KDYHSHUPHDELOLW\DURXQGîPVHF(DFKRIWKHVDPSOHVKDVKLJKSHUPHDELOLW\7KHUHIRUHWKH\
FDQQRWEHXVHGLQEDFNILOOLQJGLUHFWO\ZLWKRXWEHLQJWUHDWHG
5.6. Atterberg limit 
6RLOVZLWK OLTXLG OLPLW IURP  DUH XVHG WR KDYH ORZ FRPSUHVVLELOLW\ 7KH OLTXLG OLPLWV RI WKH
VWXGLHGVDPSOHVDUHDQGIRUFRDOPLQHDQGLURQPLQHUHVSHFWLYHO\7KLV
PHDQVWKHVHDUHVOLJKWO\SODVWLFDQGFRXOGEHXVHGIRUEDFNILOOLQJ
5.7. Void ratio 
)RU WKHPDWHULDOV WREHXVHGLQEDFNILOOLQJYRLGUDWLRVKRXOGEHFORVHWR9RLGUDWLRRIVLOWV
VLOW\ RU FOD\H\ ILQH VDQGV ZLWK VOLJKW SODVWLFLW\ WKDW LPSOLHV VRLO KDV KLJK DQJOH RI IULFWLRQ DQG
FRKHVLRQ )LQH VDQG DQG FRDUVH VDQG KDYH YRLG UDWLR  DQG  UHVSHFWLYHO\ 7KXV WKHUH LV QR
SUREOHPIRU LURQRUHPLQH2%ZKHUHDV WKHFRDOPLQHVVDPSOHVDUHKDYLQJYRLGUDWLRDQG
7KDWLPSOLHVZLWKOLWWOHPRGLILFDWLRQRIWKHVDPSOHWKHUHTXLUHGYRLGUDWLRFRXOGEHDWWDLQHGDQGVRDOVR
WKHVWUHQJWK+LJKSRURVLW\DQGYRLGUDWLROHDGVWRKLJKSHUPHDELOLW\6RWKHVWDELOLW\RIWKHVORSHFRXOG
EH DIIHFWHG E\ KLJK VHHSDJH 7KH VWXGLHG VDPSOHV VKRZ QR SUREOHPZLWK WKDW DQGPD\ EH XVHG LQ
EDFNILOOLQJ
&RQFOXVLRQV
:LWKDXJPHQWHGVWUHVVRQRSHQFDVWPLQLQJWROLIWFRDOSURGXFWLRQWKHDPRXQWRIZDVWHJHQHUDWHGLV
DOVR LQFUHDVLQJ DODUPLQJO\ FDXVLQJ LQ VHULRXV HQYLURQPHQWDO DQG VWDELOLW\ SUREOHPV 7KLV UHIXVH LV
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W\SLFDOO\ GLVSRVHG LQ WKH IRUP RI UHIXVH SLOHV DQG EHKLQG HPEDQNPHQW W\SH UHPDLQLQJ VWUXFWXUHV
+RZHYHU WKH\ FDQ EH XWLOLVHG DV PLQH EDFNILOO PDWHULDO SURYLGHG WKDW WKH\ PHHW WKH JHRWHFKQLFDO
FULWHULDIRUVWDELOLW\,QWKHSUHVHQWSDSHUFRDOPLQHDQGLURQPLQHRYHUEXUGHQVDPSOHVZHUHFROOHFWHG
IURP WZRPLQHV RI ,%9DOOH\ FRDOILHOG DQGRQHPLQHRINRLUD LURQDQGPDQJDQHVHPLQHDUHD7KHLU
GLIIHUHQW JHRWHFKQLFDO SDUDPHWHUVZHUH HYDOXDWHG ,WZDV REVHUYHG HDFKPLQH2% ODFN WZR RUPRUH
WHFKQLFDO FULWHULD WR EH XVHG LQ EDFNILOOLQJ +RZHYHU DOO RI WKHP KDYH JUHDW VFRSH DQG ZLWK OLWWOH
PRGLILFDWLRQ DQG WUHDWPHQW VXFK DV E\PL[LQJ WKH RYHU EXUGHQ VDPSOHZLWK FHPHQW IO\DVK RU RWKHU
ELQGLQJPDWHULDOVDQGE\UHPRYLQJVRPHILQHSDUWLFOHVHDFKRIWKHPFRXOGEHXVHGLQEDFNILOOLQJ
5HIHUHQFHV
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